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BACKGROUND OF THE INVENTION 

This invention relates to a therapeutic agent for the treatment of cancer which forms emboli in the 
vascular system surrounding the cancer lesion or tumor. The agent comprises an intravascular embolizing 
s substance and an angiogenesis-inhibiting substance. 

Embolization techniques have been utilized, especially for the treatment of inoperable or unresectable 
tumors. For example, embolization has been used to occlude the nutrient artery feeding the tumor, by 
administering an intravascular embolizing agent. Chemo-embolization techniques have also been utilized. In 
this case, anti-neoplastic agent in combination with an intravascular embolizing agent have been admin- 
io istered to maintain the concentration of the anti-neoplastic agent high in tumors or cancers. 

As intravascular embolizing agents to be used for the above-mentioned purpose, there have been 
known degradable starch microspheres (DSM) (Cancer. 50. 631 (1982), lipiodol (Cancer Res.. 44, 2115 
(1984), crosslinked collagen fibers (Cancer, 46, 14 (1980)). ethyl cellulose microcapsules (Cancer, 46, 14 
(1980)). among others. 

is In these therapeutic methods, however, even the tumor-dominating artery is occluded, since the tumor 
regenerates by the formation of collateral artery caused by secretion of the tumor-induced angiogenesis 
factor, there is a fear that satisfactory cancer-suppressive effect would not be expected. Circumstances 
being such as above, the present inventors have tried to develop an intravascular embolizing agent 
containing an angiogenesis-inhibiting substance, which is capable of further improving the therapeutic effect 

20 by embolization. . 

The object of this invention is to provide an intravascular embolizing agent which is characterized by 
containing an angiogenesis-inhibiting substance and an intravascular embolizing substance, and is capable 
of enhancing cancer-suppressive effects caused by embolization. The present invention provides an 
intravascular embolizing agent to be administered singly or, in combination with an anti-neoplastic agent, 
25 which brings about stronger cancer-suppressive effects. 

It has further been unexpectedly found that the cancer-suppressive effects could be enhanced by 
having an angiogenesis-inhibiting substance included in an intravascular embolizing agent, in a dosage less 
than that of single administration of an angiogenesis-inhibiting substance. 

30 SUMMARY OF THE INVENTION 

The present invention is to provide an intravascular embolizing agent containing an angiogenesis- 
inhibiting substance and an intravascular embolizing substance. 

The agent, with the administration of a relatively small dosage amount, enhances the anti-tumor effect 
35 of the angiogenesis-inhibiting substances. The addition of small doses of angiogenesis inhibiting substances 
also enhances the anti-tumor effect of intravascular embolizing agents. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

40 The angiogenesis-inhibiting substance used in the present invention means a substance performing 
angiogenesis inhibitory action. For example, it may perform inhibitory action in any of the stages of the 
following angiogenesis mechanism. 

1) Angiogenesis factor is secreted or exuded in the tissue where tumor exists. 

2) Angiogenesis factor increases the activities of proteases in endothelial cells of blood vessel, such as 
45 plasminogen activator, plasmin, collagenase, etc. 

3) Activated protease decomposes the basement membrane surrounding blood vessels. 

4) Endothelial cells emigrate toward angiogenesis factors, and they proliferate at the backside of the 

blood vessels. Endothelial cells form a capillary like tube arranged lengthwise. 

5) Resulting vascular sprouts are connected and form a loop, 
so 6) Blood flows in the loops. 

7) Pericytes are observed outside the blood vessels, forming new basement membrane. 

The angiogenesis-inhibiting substance means the substance which does not act directly on tumor cells 
but suppresses tumor growth by inhibiting angiogenesis of tumors, e.g. inhibiting growth of the blood 
vessels necessary to support solid tumors. The angiogenesis-inhibiting substance thus has an action 
55 different from that of conventional anti-tumor agents (Nature, 348, 555 (1990)). 

Examples of angiogenesis-inhibiting substances include extracts from cartilage tissue showing 
collagenase-inhibiting activity (Science, 22, 1185 (1983)), protamine (Nature. 297 , 307 (1982)), angiostatic 
steroid (Science, 221, 719 (1983)), protein obtained from retinal pigment epithelial cells (Arch. Ophthalmol., 
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103, 1870 (1985)), anti-cancer factor induced from cultured cartilage cells (Protein, Nucleic. Acid and 
Enzyme, 33. 1803 (1988), anti-inflammatory drugs such as indomethacin (Anticancer Res.. 6, 251 (1986)), 
ribonucleaie inhibitors (Proc. Natl. Acad. Sci. U.S.A.. 84 , 2238 (1987)), drugs exerting influence on collagen 
metabolism (Biochem. Biophys. Res. Commun., 133. 911 (1985) and Lab. Invest., 59, 44 (1988)), complexes 
s ol sulfuric polysaccharide and peptide glycan (cf. e.g. JPA-S63(1988)- 119500), gold preparations for 
rheumatism, herbimycin A(JPA-S63(1 988)-295509), and fumagillin produced by microorganisms cf. e.g. 
JPA-H1(1989)-279828) or fumagillol derivatives chemically synthesized (EP-A-359036, EP-A-357061. EP-A- 
38667 or EP-A-41 5294). 

Among these, fumagillol derivatives are preferable, for example, fumagillol derivatives represented by 
to the general formula (I) 




[wherein R' stands for hydrogen, R 2 stands for halogen, N(0)mR s R 6 , N*R S R 6 R 7, X~, S(0)nR 5 or 
S‘R 5 R s *X" (wherein R 5 , R 6 and R 7 respectively stand for optionally substituted hydrocarbon residues or 
25 heterocyclic groups, X“ stands for counter anion, m denotes an integer of 0 or i n denotes an integer of 0 
to 2, and, R 5 and R s may form N-containing or S-containing heterocyclic rings which may form fused ring 
together with adjacent nitrogen atom or sulfur atom, and these heterocyclic rings may have substituents), or 
R\ together with R 2 , shows a bond, R 3 stands for 2-methyl-1-propenyl group or isobutyl group, A stands for 
O or NR 8 (wherein R 8 stands for hydrogen or an optionally substituted lower alkyl or aryl group), R* stands 
30 for hydrogen, optionally substituted hydrocarbon residue or an optionally substituted acyl group] are 
especially preferable. 

In the above general formula (I), as the halogen shown by R 2 , fluorine, chlorine, bromine and iodine are 
mentioned. And, when a bond is formed with R 1 and R 2 , an epoxy ring is formed. 

Examples of the hydrocarbon residues of the optionally substituted hydrocarbon residues shown by R s . 
35 R 6 or R 7 include straight-chain or branched C,- 6 alkyl groups (e.g. methyl, ethyl, propyl, isopropyl, butyl, 
isobutyl, sec-butyl, pentyl, isopentyl, hexyl, etc.), C 2-6 alkenyl groups (e.g. vinyl, allyl, 2-butenyl, methylal- 
lyl, 3-butenyl, 2-pentenyl, 4-pentenyl, 5-hexenyl, etc.), C 2 -& alkynyl groups (e.g. ethynyl. propargyl, 2-butyn- 
1-yl, 3-butyn-2-yl, 1-pentyn-3-yl, 3-pentyn-1-yl, 4-pentyn-2-yl, 3-hexyn-1-yl, etc.), C 3 -s cycioaikyl groups 
(e.g. cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, etc.), C 3 -e cycloalkenyl groups (e.g. cyclobutenyl,. 
40 cyclopentenyl, cyclohexenyl, cyclohexadienyl. etc.) C 7-13 aralkyl groups (e.g. benzyl, 1-phenethyl, 2- 
phenethyl, etc.), and C 6 -io aryl groups (phenyl, naphthyl, etc.). 

Examples of the heterocyclic ring of the optionally substituted heterocyclic ring shown by R 5 . R 6 or R 7 
include 5- or 6-membered heterocyclic groups containing 1 to 4 hetero-atoms (e.g. nitrogen, oxygen, sulfur, 
etc.) (e.g. 2-furyl, 2-thienyl, 4-thiazolyl, 4-imidazolyl, 4-pyridyl. 1 ,3,4-thiadiazol-2-yl. 1-methyl-5-tetrazolyl, 
45 etc.), and the said heterocyclic groups may further be condensed with a 5- or 6-membered cyclic group 
(e.g. benzene, pyridine, cyclohexane, etc.) to form a bicyclic fused ring groups (e.g. 8-quinolyl. 8-purinyl, 
etc.). 

Examples of the nitrogen containing heterocyclic group which may be formed by R 5 and R 6 together 
with the adjacent nitrogen atom include 4- to 7-membered nitrogen-containing heterocyclic groups (e.g. 
so pyrrolidin-1-yl, piperazino, morpholino, 4-methylpiperazin-1-yl, etc.). 

Examples of the sulfur-containing heterocyclic group which may be formed by R 5 and R 6 together with 
the adjacent sulfur atom include 4- to 7-membered sulfur-containing heterocyclic groups (e.g. 
tetrahydrothiophen-1-yl, 1,4-thioxan-1-yl, etc.). 

The nitrogen-containing or sulfur-containing hetrocyclic group, which may be formed by R 5 and R 6 
55 together with the adjacent nitrogen atom or sulfur atom, may be fused with a 5- or 6-membered cyclic 
group (e.g. benzene, pyridine, pyrazine, pyridazine, cyclohexane, etc.) to form a bicyclic fused ring group 
(e.g. isoindolin-2-yl, 2-isoquinolyl, 1,3-dihydrobenzo[c]thiophen-2-yl, 2,3-dihydrobenzo[b]thiophen-1-yl, 3.4- 
dihydro-1H-2-benzopyran-2-yl. 3,4-dihdyro-2H-l-benzopyran-1-yl, 1,2.4,5-tetrahydro-3-benzothiepin-3-yl, 
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S.^ydr„ ft , e „„ [ 3. M ,p„ tei „. 

Examples of the lower alkyl group of the optionally substituted lower alkyl qr0UD shown bv R t inr(llH 
etc') 6 V 9r ° UPS me,hyl ’ ethy '' Pr ° Pyl ' isopropyl - •«»•. ‘sobutyl. 

^ ShOW1 by R8 include aryl 

hydrocarbon residues deserted in detail^tS R^aTdS ' nClUde ° ptionally substitu,e d 

stituted. by R IS an alkenyl 9 rou P- it is preferably unsub- 

by ttZZSSSZSS SSfS *>» "• *** r - o, 

«•» *«*"». «« « opb.LV Ti^Zy^j LiS'cSs or nr* 

bamoyl, arylsulfonyl. alkylsulfonyl, sulfamoyl. alkoxycarbonyl, a!y.oxycarbo5 among le/s " ’ 

Examples of the alkanoyl group of the above-mentioned optionally substituted alkanovi inri h r 

‘ C * V ‘- P,0P '” rt “0P™«»y. .otyryl, pJLo* "** " 

amples of the aroyl group of the optionally substituted aroyl include C» am i 
benzoyl, 1-naphthoy I, 2-naphthoyl etc) aro ^ 9 r oups (e.g. 

Examples of the arylsulfonyl group of the optionally substituted arvlsulfonvl include r , ,< 

groups (e.g. benzenesulfonyl. 1-naphthylsulfonyl, 2-naphthylsulfonyl etc) Cs '’ 0 arylsulfonyl 

"" “ p,ic " a “ , ! ““" M »*»- 

«7 c ,kyl sr; (e ' 9 - smyi p,w ' ■»* 

(e.g. cyclopropyl, cyclobutyl, cyclopentyl cycloheSyl etc/c cvrinV,?' ?" ° 3 ' s cycloalkyl 9 r oups 

(e.g. dimethylamino, diethylamino etc) azido nitm h*i nn *!! , py „ 0< e,c '- dl C, ~ 6 alkylammo groups 

hydroxy!. Ci-. o.Xoxy 2 L ?* *ST "»■ 

thyloxy, etc.), C ,_ Mryllhio groups (e.g. methylthio. .thymo mmST '’.L?'*’™*’' W 

pheny thio, naphthvlthio etc ) rvann o Q rk«,v, i y . ' p pyino ‘ etc.), Cs-., 0 arylthio groups (e.g. 

methoxycarbonyk etho^r^liny^etc ^C^^^iv^ 009 ' FT* ^ Cw alkOXycarbonyl 9roups (e.g. 

ycarbonyl, 2 -naphthyloxycarbonyl etc) 7 carboxv (T^aTo 9r ° UPS <6 '®' P henox ycarbonyl. 1 -naphthylox- 
yethoxy, etc.). C ,- 6 altenoTJLos '* ' , V 9r ° upS (e ' 9 ' carbox y m ethoxy. 2 -carbox- 

hexanoyl, etc.). aroyl groups (e.g. benzoyl. arlulfon 7*”* 

etc) C, c alkvi^i iiinn i 6 '’° arylsulfmyl groups (e.g. benzenesulfinyl. 1-naphthylsulfinyl, 2-naphtylsulfinvl 

®=SSsaSS5iS*aSS^ 
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bonyl groups containing 1-4 hetero-atoms (e.g. nitrogen, oxygen, sulfur, etc.) (e.g. 2-furoyl, 2-thenoyl, 
nicotinyl, isonicotinyl, etc.), and 5- or 6-membered heterocyclic thio groups containing 1-4 hetero-atoms 
(e.g. nitrogen, oxygen, sulfur, etc.) (e.g. 4-pyridylthio, 2-pyrimidylthio, 1 ,3.4-thiadiazol-2-ylthio, 1-methyl-5- 
tetrazolylthio, etc.), and, in these heterocyclic thio groups, the benzene ring may optionally be fused to form 
5 bicyclic fused-ring thio groups (e.g. 2-benzothiazolylthio, 8-quinolylthio, etc.). 

And, when R 4 stands for respectively disubstituted carbamoyl group, thiocarbamoyl group or sulfamoyl 
group, these groups may optionally form nitrogen-containing heterocyclic groups (e.g. pyrrolidin-1-yl, 
piperidino, morpholino, pipera2in-1-yl, 4-methyipiperazin-1-yl, 4-phenylpiperazin-1-yl, etc.) together with the 
nitrogen atom of the carbamoyl group, thiocarbamoyl group or sulfamoyl group. 
io The above mentioned substitents (hereinafter abbreviated as substituents A) at the respectively 
optionally hydrocarbon residues or heterocyclic groups shown by R 5 , R 6 or R 7 , the substituents at the 
nitrogen-containing or the sulfur-containing heterocyclic groups which may optionally be formed by R 5 and 
R 6 together with the adjacent nitrogen atom or sulfur atom and may optionally be in the form of fused ring, 
the substituents at the respectively optionally substituted lower alkyl groups or aryl groups shown by R 8 
75 and the substituents at the respectively optionally substituted hydrocarbon residues, alkanoyl group, aroyl 
group, heteocyclic carbonyl group, carbamoyl group, thiocarbamoyl group, arylsulfonyl group, alkylsulfonyl 
group, sulfamoyl group, alkoxycarbonyl group or aryloxycarbonyl group shown by R 4 may further be 
substituted with optionally up to 3 substituents where such residues can accommodate such substitution, 
and preferably have no substituent or one substituent chosen from the substituents listed above. 

20 These substituents may be elected among the concrete above-mentioned examples of the substituents A. 
halogen ion (e.g. iodide ion, bromide ion, chloride ion, etc.), sulfate ion, phosphate ion, nitrate ion, 
perchlorate ion, tetrafluoroborate ion, methanesuifate ion, p-tolylsulfate ion, benzenesulfate ion, hydroxyl ion. 
carboxylate ion of organic acids (e.g. oxalate ion, maleate ion, fumarate ion, succinate ion, citrate ion, 
lactate ion, trifluoroacetate ion, lactobionate ion, acetate ion, propionate ion, tartrate ion, ethyl succinate ion, 
25 etc.). 

While the compound (I) has asymmetric center in the molecule and has optical activity, its absolute 
structure is based on the starting fumagillol, and, unless specifically stated, the absolute structure is in 
agreement with that of fumagillol. In the bonding mode of substituents on the cyclohexane ring, 



shows a-iinkage, 

35 



shows 0-linkage and — shows either a-iinkage or 0-linkage. 

And, in the case where the compound (I) has, in the molecule, di-lower alkylamino group, nitrogen- 
40 containing heterocyclic group or nitrogen-containing aromatic heterocyclic group, the nitrogen atom in these 
substituents may further be alkylated to form quaternary ammonio group (trimethylammonio, N-methyl- 
pyridinio, N-methylpyrrolidin-1-ylium, etc.), and examples of counter anion are the same as those shown by 
X“ described in the foregoing. 

In the compound (I), it is preferable that R 1 and R 2 form a bonding hand or R 1 is hydrogen and R 2 is N- 
45 (OJm^R 2 , N 4 R 1 R 2 R 3 *X“, StOJnR 1 and S^OJmRWX” especially, in s'RWX”, it is preferable that R 5 
and R 6 are hydrocarbon residues and X” is halogen. 

A preferred example of A is 0 or NH, a preferred example of R 3 is 2-methyl-1-propenyl, and a preferred 
example of R 4 is carbamoyl or ureido. 

The compound represented by the general formula (I) can be produced by using, as the starting 
so material, fumagillol which is the hydrolyzate of fumagillin produced by microorganisms [Tarbell, D. S. et al., 
J. Am. Chem. Soc. 83. 3096 (1961)], and the method of producing the compound (I) and the physico- 
chemical and biological properties of the compound (I) are described in detail in the above-mentioned 
official gazette, (EP-A-359036, EP-A-357061, EP-A-386667 or EP-A-415294). Among those compounds, 6- 
0-(N-chloroacetylcarbamoyl)fumagiiiol. G-CXN-chloroacetylcarbamoylH'.S'-dihydrofumagillol. 6a-(N’- 
55 chloroacetylureido)-6-desoxyfumagiilol, 4-(N-chloroacetylcarbamoyloxy)-2-(1.2-epoxy-1,5-dimethyl-4-hex- 
enyl)-1 -(1 ,3-dihydrobenzo[c]thiophen-2-ylio)methyl-3-methoxycyclohexanol chloride, 4-(N’- 

chloroacetylureido)-2- (1 ,2-epoxy-1 , 5-dimethyl-4-hexenyl)-1 -(1 ,3-dihydrobenzo[c]thiophen-2-y lio)methyl-3- 
methoxycyclohexanol chloride, etc. are preferable. 
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The said angiogenesis-inhibiting substance „ , 

salts with inorganic bases, salts with organic basest!' In* SaS ' a ° d exarTlples 0? the salts include 
with basic or acid amino groups, etc. laml ! Z W,th Z' 9 ™ addS ' Sa,,s with 0r 3 anic acids, sans 
alkali metal (e.g. sodium, potassium, etc.), alkaline earth metal teTr-af 9 ^ 16 °' f ° rmin9 these sa,,s include 
organic bases include trimethylamine. triethvla m in« meta ‘ (e ' 9 ' calc| um. magnesium, etc.), examples of 
ethanolamine, diethanolamine, trishydroxymethylaminomethanl n0 rt- I? 6 ' N ' N ' dibenz y | e t hylenediamine, 
organic acids include hydrochloric acid, hydrobromic aad ZV,c * C " examp,es of 

examples of organic acids include formic acid acetic iZ t ' ac,d 1 phos P h °"c acid, etc., 

fumaric acid, maleic acid, methanesuZic « ** “ aCidy ,artaric acid ' 

examples of basic or acid amino acid include arginine Xsirte^m^thinp 0 ^' P ' t0luenesulfonic ^id. etc., and 
Preferable examples of the intravasclular Amh*/- * * ne ’ aspartIC acid * giutamic acid, etc. 

invention include oils, which are conventionally used foTLn?^ 30 - 8 t0 * employed ln th ® Present 
o«l, sesame oil or corn oil, conventional metals such as iron ferT mjeCtaWe P re P arat >ons. such as castor 
barium sulfate, ceramics such as calcium phosphate s!!; T h T" Sa ' tS metals »» 

sinter, wax such as cholesterol, glycerol ester of fattv acid^nr roxy apat,te or ca| cium triphosphate 
conventional natural or synthetic polymers as elemoS S fT' etC " aCtivated carbon, or a 
polypeptides, polysaccharides, poly-fatty acid ester DolWamirvT’ etp ‘ Examples of the polymers include 
maleic anhydride polymer, etc. ' P y ^ amno acids >. polyaldehyde, polyvinyl polymer, 

formaldehyde. The solidified po!ymers b carbt f us d eraTme ar nt 0r W ' th 3 Cross ‘ linkin 9 a 9 en < such as 
invention. ^ Y e s can Pe used “ intravascular embolizing agent of the present 

not solidification or insolubilization ScTsTof * °’ POlymer8, and wi,h whether or 

ssr ~ * — - a - - tm w r is* 

9e,a,in> C0,,a9en ’ e,astin - a,bumin - ^ogfobin. transferrin, 
alginic acid, starch, am^^^mX^UTn^p^tiH^tina^Tvai pulMan \ chi,osan - mannan, carrageenan. 

^ jssst carboxymethyi ce,,u,ose - -^yetby. cS::: 

acid glycolic acid, hyd^o^Tyr?^ or copolymers of lactic 

As, for example, copolymers of lactic acid - glycolic acid thn« h * , 

(molar ratio) of 100/1 to 30/70, more preferably. 100/1 o 40/60 and!, m T 9 f C, ' C aCid/9 ' ycolic a c* ratio 
more preferably, about 2,000 to 80 000 ° 6 ° and a mo,e Cular weight of 1 ,000 to 100,000 

< " "" P0,yl,m ™ wly ,, 

r ,ymere - 

chloride, vinyl alcohol, vinyl pyrrolidone vinyl ether vinvi ra h hacry ic ac,d ester ' v 'nyl acetate, vinyl 
acrylic acid ester, acrylamide, divinyl benzene, etc. ’ ' Styrene * styrene d erivatives. o-cyano 

ranges preferably from 10 to 1000 urn mu s,on or suspension, the particle size 

- - - - - . — 

- ! " a “ 01 “ 8 

s“sr„“* 

Sephadex, QAE Sephadex, ° ' ani ° niC ,ype 0098 include DEAE 

Amber.ite-.RA, Dowex-1. etc. Examples of catconic type ones 0 ,’ delude 
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Cellulose and various types of Amberlite-IR, Dowex-50W. (These examples are all manufactured by Sigma, 
Inc.) 

The agent of the present invention adsorbing the angiogenesis-inhibiting substance on the intravascular 
embolizing substance can be prepared by mere mixing the ion-exchange resin and the angiogenesis- 
5 inhibiting substance. 

While the dose of the angiogenesis-inhibiting substance depends on the strength of its pharmacological 
action, it is not specifically limited so long as it is effective, and the dose at one time is selected from the 
range of from 50 ug to 2 g, more preferably, from 200 ug to 1g. In the case of above-mentioned fumagillin 
derivatives such as 6-0-(N-chloroacetylcarbamoyl)fumagillol and 4-(N'-chloroacetylureido)-2-(1,2-epoxy-1,5- 
w dimethyl-4-hexenyl )-1 -(1 ,3-dihydrobenzo[c]thiophen-2-y lio)methy l-3-methoxycyclohexanol chloride, the 
dose at one time is selected from 0.5 to 500 mg. In case of the above specific compound, a dose of 500 
mg per adult person at one time and the administration of one time one month is quite enough for 
satisfactory effectiveness. And, while the concentration of the angiogenesis-inhibiting substance depends on 
the strength of its pharmacological effect, the solubility in water or organic solvent, particle-formability, etc., 
75 it ranges desirably from 0.01 to 95 weight % relative to the intravascular embolizing agent, especially from 
0.1 to 90 weight %. 

For allowing an angiogenesis-inhibiting substance to be included in an intravascular embolizing 
substance, a number of per se known methods can be used. For example, while described in detail in 
working examples, when both the intravascular embolizing substance and angiogenesis-inhibiting substance 
20 are soluble in an organic solvent, they are dissolved in, for example, dichloromethane, chloroform, ethyl 
acetate, isopropyl ether, etc., then the solution is dispersed in an aqueous phase containing a surfactant or 
a protective colloid, or spray-dried to evaporate off the organic solvent to provide microspheres of 
intravascular embolizing agent. In this case, the angiogenesis-inhibiting substance need not completely be 
dissolved. As the surfactant or the protective colloid, any one can be employed so long as it is capable of 
25 forming stable oil/water emulsion, for example, anionic surfactants (sodium oleate, sodium stearate, sodium 
iauryl sulfate, etc.), nonionic surfactants (polyoxyethylene sorbitan fatty acid ester, polyoxyethyelne castor 
oil derivatives, etc.), polyvinyl alcohol, polyvinyl pyrrolidone, carboxymethyl cellulose, lecithin, gelatin, etc 
can be used. These may be employed singly or in combination of two or more of them. Especially, 
polyvinyl alcohol, carboxymethyl cellulose and gelatin are preferable. The concentration is selected from the 
30 range of 0.01 to 20%, preferable 0.05 to 10%. 

For allowing a water-soluble angiogenesis-inhibiting substance to be included in an intravascular 
embolizing substance soluble in an organic solvent, for example, an aqueous solution of the angiogenesis- 
inhibiting substance is finely dispersed in a solution of the intravascular embolizing substance in such an 
organic solvent as mentioned above, then the organic solvent is evaporated to prepare microspheres of 
35 intravascular embolizing agent In this case also, the angiogenesis-inhibiting substance is not required to be 
completely dissolved. 

While the concentration of these intravascular embolizing substances in any of organic solvents is not 
specifically limited, it should be within the range giving the substance a viscosity enough to be dispersed as 
fine particles when dispersed in the aqueous phase for desolvation, i.e. the concentration is selected from 
40 the range of 1 to 80%. more preferably from 5 to 60%. 

For allowing an angiogenesis-inhibiting substance soluble in an organic solvent to be included in a 
water-soluble intravascular embolizing substance, the angiogenesis-inhibiting substance is dispersed as it is 
in an aqueous solution of intravascular embolizing substance such as an aqueous solution of albumin, or it 
is once dissplved in a volatile organic solvent, e.g. isopropyl ether to disperse the organic solvent solution of 
45 the angiogenesis-inhibiting substance in the aqueous solution of for example albumin as fine particles, then 
allowing the above-prepared liquid preparation to be dispersed in an oily phase of e.g. soybean oil or 
silicone oil, followed by solidification to give microspheres of intravascular embolizing agent. For the 
solidification, there are known several methods, for example, heating the dispersion at 120 to 160*C or 
subjecting the dispersion to cross-linking with, for example, formaldehyde or glutaraldehyde. When said 
so liquid preparation is disperesed in an oily phase, for forming a stable water/oil type emulsion, a surfactant, 
for example, sorbitan monooleate or sorbitan sesquioleate may be added, and its concentration is selected 
from the range up to 20%. 

Further, in case when both of the substances are soluble in water, both are dissolved in water, then the 
aqueous solution is dispersed in e.g. the above-mentioned silicone oil phase, followed by the same 
55 solidification process as mentioned above to give an intravascular embolizing agent. 

In the case of these water-soluble intravascular embolizing substances as well, the concentration is not 
specifically limited but should be within such a range as giving these substances a viscosity enough to be 
dispersed as fine particles when dispersed in an oily phase, i.e. the concentration is selected from the 
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range of 1 to 80%. more preferably 2 to 60%. 

Use of the Intravascular embolizing agent containing the angiogenesis-inhibitina substance and thp 

intravascular embolizing substance of the Dresent ™ JL* I 9 substance an a the 

„ ^ w * present invention in concert with an antineoolastic anent is mnro 

- r s 

method for allowing a angiogenesis-inhibiting substance to be included in an intravascular emboliaing agent 
And. .n this case an intravascular embolizing agent containing an intravascular embolizing substance an 
angiogenesis*, nhibiting substance and an antineoplastic agent may be administered, or a miSSs 7 m In 
intravascular embotaing agent containing an intravascular embolizing substance and an angiogeI.es, s" 
inhibiting substance and (2) an intravascular embolizing agent containing an intravascular embolizing 
substance and an ant, neoplastic agent may be administered. Examples of the antineoplastic agent include 
alkylating agents such as nitrogen mustard-N-oxide hydrochloride, cyclophosphamide. thio-TEPA carbon 
chlorambucil, nimustine hydrochloride, ifosfamide. melphalan. dacarbazine. uracil mustard. mannomSne 
toetoylenemelamine, aza-TEPA. trenimon. isoprocuon. busulfan. dimethyl mirelan. pipoSan' 
etoglucid, epoxyprop, dine, epoxypiperazine, hexamethylmelamine, dibromomannitol and pipobroman- meta- 
bolic antagonists such as aminopterin, methotrexate, carmofur. guanine. 8-azaguanine memTptopurine 
thio, nosme. azathiopurme. uracil, fluorouracil. tegafur. SITARABIN, ancitabine hydrochloride enodE' 
azaserme and diazomycm; antibiotics such as actinomycin D. cyclomycin mitomvcin C daunom<,rin‘ 
daunorubicin hydrochloride, doxorubicin hydrochloride, bleomycin hydrochloride, bleomycin sulfate nTS 
zmostatin. peplomycin sulfate, aclarubicn hydrochloride, chromomycin A3, epilubisin hydrochloride an- 
samycn carzmophihn and pyralvicin; plant alkaloids such as vinblastine sulfate. vincrStoe si Z 
desine sulfate and etoposide, platinum complexes such as cisplatin and carboplatin- and others such as Ho 
h, m w,phynn. C^praopon*,™. TOW. hydrocNorido. X". pX. X 
rammustine. mitoxantrone, doxifluridine and L-asparaginase. P P 319 SOd ' 

. ^V h n d , 0S6 . °I ‘ h9 antin90plastic a 9 ent d0 P 0nd s o" the strength of its pharmacological effect it is 
not specifically limited, if only the dose at one time is selected from the range of 50 ug to 2 g In the case 

ESS [TET* ? 9ntS ' SUCh 38 d0X ° rubicin h y drochloride ’ Cisplatin. mitomycin C. aSd blSnydn 
hydrochlonde, the dose at one time is selected from 0.1 to 500 mg. And. while the concentration o/the 

effeTTh C , th9 ,ntravascular em bolizing agent depends on the strength of its pharmacological 

rr^rrxTn.” 0 ' 8a '* *• * ° - K 

The intravascular embolizing agent of the present invention is used as it is. or by dispersing before or 
at the time of use in a proper pharmaceutically acceptable carrier, for example dispersing vehicle or a 
contrast medium such as lipiodol. Examples of the dispersing vehicle include injectable di^illed wLr in 

r a r m a rr ,n K° a9ent (e ,‘ 9, P °' yoxysorbitan ,atty acid ester - carboxymethyl cellulose, etc.), a preservative 
it 9 ; r y Pa T K?' P I ropylparab9n ' 9,C - ) and an isotonlzin 9 agent (e.g. sodium chloride, mannitol 01^0 
etc.), or a vegetable oil such as sesame oil. corn oil. etc. The intravascular embolizing agent disSrsed thus' 
above is administered through a catheter into tumor-dominating artery from a Levant a^eX wMe 
monitoring with an angiographic agent. In the case of liver cancer the intravascular emboLtol ! 

ad 3 ' n ' S f t9red S9 2 Ct ‘ Ve,y r( “ , muCh “ practicab,e « the site of tumor through catheter inserted into hepatic 
artery from gastroduodenal artery. While the dose varies with thn kinri „ ” , nepatic 

decomposability of the intravascular embolizing substance; with the kind. site, size of the tumor and with 
toe kind and amount of the angiogenesis-inhibiting substance, it ranges from 1 mg to 10 g for ’one timl 
more preferably from 5 mg to 5 g. In toe case of microspheres of lactic acid-glycolic acid copolymer (lactic 

f™C!, C aC 'i = V Ta rati °' aV9ra " mo,ecular we '9 h t 10500) containing abbJmentionL 
fumag, lol denvertives such as 6-0-(N-chloroacetylcarbamoyl)fumagillol and 4-(N^hloroacetvlurI^-2 n 2 

~ — - 

ar t s ,! ,n mV he in ! raVaSCUla L emb0lizin9 apent of ,he P resen < invention is administered into tumor-dominating 
th« Pm£!- 9 15 t0 S3tlSfy th ® requirement s for conventional injections. Preferable examples ot 

the embolizing agent, while depending on toe stability of the constituents, i.e. the intravascular emboltzino 

rr 06 T an9,09enesis ' mh,bltin 9 substance, include oily preparations containing toe angiogenesis^ 
inhibiting substance or those to be dissolved or dispersed at the time of use. o^ solid o^ powderv 
preparations using the afore-mentioned materials and. besides, using biodegradable material to be 
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dissolved and dispersed at the time of use. And, to this embolizing agent may be added a preservative, 
stabilizer, isotonizing agent, solubilizer, dispersing agent diluent, etc. conveniently usable for injections. The 
tumor, to which the intravascular embolizing agent containing the angiogenesis-inhibiting substance of the 
present invention is applicable, may be any one into the dominating artery of which a catheter can be 

5 inserted selectively, irrespective of whether the cancer may be primary or metastatic. At present, tumors to 

which this chemoembolization is applied most frequently are inoperable hepatic tumors, and the inoperable 
renal tumors. However, in view of the advanced level of medical technique, selective insertion of a catheter 
into the artery of almost all organs is considered possible ["Douchu Gan Kagaku Ryoho" (Chemotherapy of 
Tumors by Arterial Injection), under the supervision of Hironobu NAKAMURA and Tetsuo TAGUCHI, 

io published by "Gan To Kagaku Ryoho Sha" (1986)), and this therapeutic method is applied more widely. 

Therefore, the intravascular embolizing agent of this invention is effective for the chemotherapy by 
intraarterial injection now often applied to tumors including hepatic tumor, renal tumor, pyelo tumor, 
pancreatic tumor, urinary bladder tumor, prostatic tumor, breast cancer, stomach cancer, large intestinal 
tumor, colonic tumor, etc. The intravascular embolizing agent containing the angiogenesis-inhibiting sub- 
is stance of the present invention is useful for the anti-tumor therapy of the warm-blooded animals preferably 
mammals such as human, monkey, horse cattle, swine, dog, rabbit, sheep, rat, mouse etc. [Working 
Examples) 

The following working examples further illustrate the present invention, but do not intend to limit the 
scope of the invention. 

20 

Example 1 

45 mg of 6-0-(N-chloroacetylcarbamoyl) fumagillol (hereinafter simply called "Compound a") and 2 g of 
a lactic acid - glycolic acid copolymer (hereinafter abbreviated as PLGA, lactic acid/glycolic acid = 75/25 
25 molar ratio, weight average molecular weight 10500) were dissolved in a mixture of 2 g of dichloromethane 
and 0.7 g of chloroform. The resultant solution was poured into 400 ml of 0.1 % aqueous solution of 
polyvinyl alcohol to give an emulsion by the use of a small-sized homogenizer. The organic solvent in this 
emulsion was volatilized under stirring. The microspheres(hereinafter abbreviated as msp) thus obtained 
were collected by a centrifuge. The microspheres were again dispersed jn distilled water, which was further 
so subjected to centrifuge to remove untrapped chemicals, followed by collecting msp. The msp was subjected 
to freeze-drying to complete desolvation and dehydration. 

Example 2 

35 A cell-suspension of VX 2 carcinoma was transplanted subcutaneously to male Kb!:JW rabbits at the site 
under the knee of the right hind leg. These animals were divided into four groups two weeks after the 
transplantation. Each group of test animals were injected from the upper site of the homolateral femoral 
artery (i.a.) with a dispersion of 50 mg of polystyrene (hereinafter abbreviated as PS) msp (average particle 
size : 50 urn) in the solution containing 1 mg of "Compound a", with the same amount of only PS msp 
40 suspended in dispersing vehicle, and with the same dose of "Compound a" solution, respectively. On the 
5th day after the administration, the volume (major axis x minor axis x height of the tumor) was measured. 
The volume of the tumors in each group before the administration was assumed as 100%, and the relative 
values (V5/V0, %) and the volume ratios (T/C, %) relative to the untreated control group were shown by 
Table 1. 

45 



50 



55 



Table 1 



Treatment (i.a.) 


Number of 
animals 


V5/V0(%) 


T/C(%) 


Control 


10 


227 


100 


"Compound. a" 


3 


175 


77 


PS 


4 


134 


59 


"Compound a" + PS 


2 


81 


36 



In the intraarterial injection of PS msp without drug or "Compound a" solution, the volume of the tumor 
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was suppressed to 59% or 77% of that in the control group, but 134% or 175% relative to that before 

an^menLi^nhibitra " a " d ' by the embolization after coadministering intraarterially the 

1 C ° mP0Una a * and PS msp - the volume of the tumor was reduced to 81% of 
that before administration and suppressed to 36% relative to that of the control group. 

Example 3 



10 



is 



PLfiA ft I«nL!L t GA , P ? 1SP ’ “ nin9 1 019 ot " Com P° und a " Prepared in Example 1, 50 mg of 

dilri ? " containing drug, or t mg of drug solution was injected each intraarterially to 
determine the anti-cancer activities similarly as Example 2. On the 7th day after the administration the 
tumor volume /. of that before the administration (V7/V0.%) and volume ratios (T/C.%) relative to the 

contSoTmo ^ anti * cancer ef,ects in ,he Sroup to which the solution 

containing 1 mg of Compound a was administered into auricular vein (i.v.) three times, 0 2nd and 5th 

day. were similarly evaluated. Incidentally, particle sizes of msp-1 and msp-p are both 25 to 125 urn. 

Table 2 



20 



25 



Treatment 


Number of 
animals 


V7/V0(%) 


T/C(%) 


Control 


10 


358 


100 


Solution (i.a.) 


3 


247 


69 


msp-p (i.a.) 


4 


225 


63 


msp-1 (i.a.) 


5 


41 


11 


Solution (i.v.) 


2 


294 


82 



30 



35 



40 



?47«/ ‘heintraartenal inaction of msp-p or drug solution, the volume of the tumor increased to 225% or 

fh 1 1 w I 0 '® embohzation - and 63% or 69% relative to that in untreated groups, respectively On 
the other hand by the embolization with msp-1 including the angiogenesis-inhibiting substance. "Compound 
a , the size of the tumor was reduced to 41% relative to that before administration, and 11% relative to that 
in untreated group. The T/C value obtained here is about 1/8 of that obtained by intravenous injection of 

eSTd V **■ ° f ^ tim9S 38 mU ° h in emboli2ation ' Performing remarkable anti-cancer 

effects, and lowering of side-effects brought by decrease of the dose can be expected. Example 4 

. . lfty rT \ 9 0f ^GA(msp-2) containing 1.5 mg of 6a-(N’-chloroacetylureido)-6-desoxyfumagillol (hereinafter 
abbreviated as Compound b") prepared by substantially the same manner as in Example 1 or the same 

the° a U nt ii ,r (m T^ n0t COn,ainin9 " Compound b “ "as injected each intraarterially to determine 

T^le Tinr H 0r !,? T 8 V “ Pl ® 2 ' ReSU " S °" ,he 7th da * atter ,he administration were shown in 

Table 3. Incidentally, particle sizes of msp-2 and msp-p are both 25 to 125 urn. 



Table 3 



Treatment (i.a.) 


Number of 
animals 


V7/V0(%) 


T/C(%) 


Control 


10 


358 


100 


msp-p 


4 


225 


63 


msp-2 


2 


31 


9 



55 



th« 1 Wia T«. th mSP ' P ’ the V0lum8 0f the ,urnor was increa sed to 225% relative to that before 

rnntaiTnn 00 ^ rela, ' V6 t0 ,hat ° f the con,ro1 group ' whi| e. in the embolization with msp-2 

containing an angiogenesis-inhibiting substance. "Compound b". the volume of the tumor was reduced to 

was^“ema?kTe eie« ^ admin ' Strati ° n 3nd 9% aS Compared Wlth ‘hat in the control group, which 
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Example 5 

A dispersion of 50 mg of msp-1 in the aqueous solution of 1 mg of doxorubicin hydrochloride (here in 
after abbreviated as DOX), a dispersion of 50 mg PLGA msp (msp-3) including 1.23 mg of 4-(N'- 
s chloroacety lureido)-2-(1 ,2-epoxy-l ,5-dimethyl-4-hexenyl)-l -0 .3-dihydrobenzo[c]thiophen-2-ylio)methy 1-3- 

methoxycyclohexanol chloride (hereinafter abbreviated as "Compound c") in the aqueous solution of 1 mg 
of DOX, a dispersion of 50 mg of msp-p in a similar aqueous solution of DOX. or the above-mentioned 
aqueous solution of DOX singly was injected each intraarterially to determine the anti-cancer activities 
similarly as Example 2. On the 5th, 7th and 9th day after the administration, the tumor volume % of that 
to before the administration was shown in Table 4. The 
particle size of msp-3 is 25 to 125 urn. 

Table 4 



15 



20 



25 



30 



35 



Treatment (i.a.) 


Number of 
animals 


5th day 


7th day 


9th day 


Control 


10 


227 


358 


468 


DOX 


4 


162 


324 


377 


msp-p ♦ DOX 


4 


70 


89 


182 


msp-1 + DOX 


5 


24 


19 


23 


msp-3 + DOX 


2 


27 


20 


28 



After intraarterial injection of only DOX solution, the growth of the tumor was inhibited compared with 
untreated control but the volume of the tumor was not reduced. 

In the embolization with coadministration of msp-p and DOX, the volume of the tumor was reduced to 
70% on the 5th day and 89% on the 7th day after the administration, relative to that before embolization, 
but on the 9th day after the administration, the volume of the tumor gained again up to 182% relative to that 
before embolization. On the contrary, in the embolization by coadministration of DOX and msp-1 or msp-3 
containing "Compound a" or "Compound c", the volume was reduced to about 23% and 28%, respectively 
relative to that before administration even on the 9th day after the administration, maintaining remarkable 
anti-cancer effects. 



Example 6 

In 4.5 ml of water, were dissolved 70 mg of "Compound c" and 2.9 g of bovine serum albumin (BSA). 
This solution was added to 80 ml of sesame oil containing 1 ml of sorbitan sesquioleate, then the mixture 
40 was made into a water/oil emulsion by using a mechanical mixer. Ten minutes later, 20 ml of sesame oil, in 
which glutaraldehyde was dissolved to the extent of saturation, was added to the emulsion. The mixture was 
stirred for 5 hours at room temperature to allow cross-linking reaction to proceed. This emulsion was then 
subjected to centrifugal separation. Washing was conducted three times by replacing the supernatant with 
the same volume of isopropyl alcohol, followed by drying under reduced pressure to afford BSA msp (msp- 
45 BSA) containing "Compound c". 



Example 7 

Fifty mg each of msp-3 containing the "Compound c" employed in Example 5 and of msp-BSA 
obtained by Example 6 were administered intraarterially to determine the anti-cancer effects similarly as 
Example 2. The results on the 7th day after the administration are shown in Table 5. The particle size dry of 
msp-BSA is 25 to 75 urn. 



55 
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Table 5 



Treatment (i.a.) 


Number of 
animals 


V7/V0(%) 


T/C(%) 


Control 


16 


350 


100 


msp-3 


3 


^ 59 


17 


msp-BSA 


3 


50 


14 



75 



In the control group, the volume of the tumor increased to 350% on the 7th dav after startinn th« 
treatment. On the other hand, in the test groups which were respectively adm Stemd wl %££ ^ 

St ‘ f; 01 ??! W9re r9dUC9d t0 59% and 50,4 respectively, corresponding to 17 % Z u %" reZt 
tively relative to the volume of the tumor in the control group. P 

Example 8 



20 



One ml of lipidol (hereinafter abbreviated as LPD) in which 1 mg of "Compound a" or "Comoound c* 



25 



30 



Table 6 



Treatment (i.a.) 


Number of 
animals 


V5/V0(%) 


T/C(%) 


Control 


16 


219 


100 


LPD + "Compound a" 


4 


86 


39 


LPD + "Compound c" 


3 


111 


51 



35 



40 



45 



In the untreated group, the volume of the tumor increased to 219% on the 5th dav aftAr th« * ** 

is. *• « 

sst srsirrs .- *• — - - — sssrss 5 

The human cancer is effectively treated in the same manner as above. 
travStJSmS 018 " 9md ° li2in9 a9ent containing the angiogenesis-inhibiting substance and the h- 



Claims 






2. An intravascular smboliang agent as claimed In Claim t being in the state of 
emulsion or a suspension. 



an oil solution, an 



55 i An intravascular embolizing agent as claimed in Claim 1 being in the state of an emulsion or 
suspension containing granules whose size ranges from 10 to 1000 urn. 



4. An intravascular embolizing agent as claimed in Claim 1 wherein the 



angiogenesis-inhibiting substance 
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is a fumagillol derivative. 

5. An intravascular embolizing agent as claimed in Claim 1 wherein the angiogenesis-inhibiting substance 
is 6-0-(N-chloroacetylcarbamoyl)fumagillol. 

5 

6. An intravascular embolizing agent as claimed in Claim 1 wherein the angiogenesis-inhibiting substance 
is 6or(N'-chloroacetylureido)-6-desoxy fumagillol. 

7. An intravascular embolizing agent as claimed in Claim 1 wherein the angiogenesis-inhibiting substance 

io is 4-(N , -chloroacetyluredio)-2-(1 ,2-epoxy-1 ,5-dimethyl-4-hexenyl)-1 -(1 ,3-dihydrobenzo[clthiophene-2- 

ylio)methyl-3-methoxycyclohexanol chloride. 

8. An intravascular embolizing agent as claimed in Claim 1 characterized by having the angiogenesis- 
inhibiting substance included in the intravascular embolizing substance. 

is 

9. An intravascular embolizing agent as claimed in Claim f characterized by that the angiogenesis- 
inhibiting substance is adsorbed on the intravascular embolizing substance. 

10. An intravascular embolizing agent as claimed in Claim 1 wherein the intravascular embolizing sub- 
20 stance is an oil, a metal, an insoluble salt of metal, a ceramic, wax, activated carbon, polypeptide, 

polysaccharide, hydroxycarboxylic acid polymer, polyamino acid, polyaldehyde, polyvinyl polymer or 
maleic anhydride polymer. 

11. An intravascular embolizing agent as claimed in Claim 1 wherein the intravascular embolizing sub- 
25 stance is a polymer which gradually dissolves or decomposes in a living body. 

12. An intravascular embolizing agent as claimed in Claim 1 wherein the intravascular embolizing sub- 
stance is gelatin, albumin, collagen, starch hyaluronic acid or lactic acid-glycolic acid copolymer. 

30 13. An intravascular embolizing agent as claimed in Claim 1 wherein the intravascular embolizing sub- 
stance is a lactic acid-glycolic acid copolymer whose molar ratio of lactic acid and glycolic acid is in 
the range of 100/1 to 30/70 and molecular weight ranges from 1,000 to 100,000. 

14. An intravascular embolizing agent as claimed in Claim 1 wherein the angiogenesis-inhibiting substance 
35 is a fumagillol derivative and the intravascular embolizing substance is a lactic acid-glycolic acid 

copolymer. 

15. An intravascular embolizing agent as claimed in Claim 1 wherein the angiogenesis-inhibiting substance 
is 6-0(N-chloroacetylcarbamoyl)fumagillol and the intravascular embolizing substance is a lactic acid- 

40 glycolic acid copolymer. 

16. An intravascular embolizing agent as claimed in Claim 1 wherein the angiogenesis-inhibiting substance 
is 6a-(N'-chloroacetylureido)-6-desoxy fumagillol and the intravascular embolizing substance is a lactic 
acid-glycolic acid copolymer. 

45 

17. An intravascular embolizing agent as claimed in Claim 1 wherein the angiogenesis-inhibiting substance 

is 4-(N'-chloroacety luredio)-2-(1 ,2-epoxy-1 ,5-dimethyl-4-hexenyl)-1 -(1 ,3-dihydrobenzo[c]thiophene-2- 

ylio)methyl-3-methoxycyclohexanol chloride and the intravascular embolizing substance is lactic acid- 
glycolic acid copolymer. 

50 

18. An intravascular embolizing agent as claimed in Claim 1 characterized by the agent further contains an 
anti-neoplastic agent. 

19. A pharmaceutically acceptable composition which comprises an intravascular embolizing agent as 
55 claimed in claim 1 and a pharmaceutically acceptable carrier. 

20. Use of an intravascular embolizing agent as claimed in Claim 1 for the preparation of a pharmaceuti- 
cally acceptable composition for treatment of cancer. 
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